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A RSFERJ!NCSDESION FOR LAKPF

Renry A. Thieemen
Los Alemos Nztionel Lmb‘r*toryo Los Abmos,
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4s!s!9! Neny of the lomnergy ●econdary beam line. re-
quire ● microstructure of the Proton beam ;O be umed

A reference design for the 32-cev LAMP?11 proton for parLicle identification. We require ● baeic
●ccelerator it proposed. ‘this design consi~te of a m.icrotitructure of 1 m with 16aa ●peeing for the
30+Iz rapid-cycling rnynchrotron with ● dc stretcher. A output of the ●trencher. The LANPF 11 mzchinee me de-
euperporlodicity 5 design with dispersion-free ●tra18ht ●igned to be injected by the ●x18ting 2AFIPF797-lIeV ~
sectione is ●uuueeted for both mechines. Beem-dmzmice beam ●nd to fit on the WF site. A Ieyout dinting is
calculations •~~ partially complete ●nd rf requ ‘emmntc

i5
shown in Fig. 1.

●re given. Aperture. ●re calculated for 2 x 10 pro-
tons p-r pulse (100 PA average current). No signifi-
cant problems ● r~ obmerved ●t ●ny time in the cycle in The L*tice
● Iongitudival beam-dynemica 8imu18tion including spece

——

cberte. The ●oot ●traightforwerd way
dispersion strmight ●ections is to
inteaer ~une. Such ● rct can be mede

tu obtain =ero-
uee arce thet heve
with the &,*coad-

Introduction

LAMFF11 is to be ● high-intenelty proton ●cceler-
●tm for use ●s a neutrino, muon, pion, hen, hyperon,
●nd ●ntlproton factory. An ●nergy of 32 OeV and a beam
current of 100 MAwere choean ss design targets. Users
of the mzchine fall into two cltooes, thoce requirinu
short ●pilla ●nd those requlrins nearly 100% duty
fector. A ●olution thet ineluder ● ●ynchrotron ●nd ●

et-etcher rins in the came tunnel provides both type.
of beame oimulteneoucly.

The high current nsturally laadc to ● number of
demign conetralnto. The moot importsnt of these is to
minimize loesem. our decigm soel is loesee of lese
thsn 0.5X from ●ll ceuoeo, with ●ll but 0.1% *pilled on
collimetoro thet ● re designed for eeoy remote hendllng.

The requirement for afficient ●lou ●xtraction
leads naturelly to lon8 straight section. in the
otretcher. To fit the ●ccelerator ●nd ●tretcher into
one tunnel, the same shape is required of both rings.
TIM ccraisht oections can be used for the rf syctem of
the accelerator if the ●perperiodicity ie bish ●nough
●nd if the dispersion in these straight ●ectiona is low
cnouch. DieDer#ion-free ctrsikht section- should ●lim-

order achromzts of K. Brown. 1 The straight ●e:tions
determine the tune ●nd ●lso the metched beta f.nctione
of the lsttice. If, in ●ddition, the beta fun:tions of
the ●traight ●ectionc Mtch the beta functione for s
●iqjle cell of the ●rce, then efficient use is mzde of
the mesnete of the ●rcs. The chromzticity of khe rlas
ie ●~justed by sextuples in the ● rcs. Two femiliee t.f
●extupcl.s in the arcm were found to be sufficient for
correcting the chromzticity of the complete -chine.

The reference deeign for the ●ccelerator he- ●

●uperperlodicity of 5. The ● rcs ● re mede up of com-
bined-fufiction dipoles. All cells ●re cymmtric ●bout
their midpointe so thet●lphe 18 sero ●t the ●ntrence
end ●xit of ●ach cell by ●-try. Kech ● rc conslets
of 10 cellc, with ● tune of 1/5 per c~li. Kech cell
conaizte of four dipoles in a -D-F-F-D- ●rrancmmmnt.
A 1.2-T mzximum field wzs chosen for ●ll dipolee.

Each ztrelght section of the ~ccelerator conciets
of three cello; ●ach cell 1S ● quadruple triplat. The
tune of ●ach cell ie 0.169 horizontal and 0.109
vertical, rcwlting in ●n overall tune for the accaler-
●tor of 14.19 horizontal ●nd 12.29 verticel. Netched
bete ●nd diaperslon functions for one 8uperperhd of
the ●ccelerator ●re ●howo in Fin. 2.

!net~ the pr~blem of cynchrotr%-bztstron oscillatioue
in the ●cc~lerator.
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Fis. 1. LAF(PFII bite leyout.



a
Tha stretcher consiato of dipolee thet ●re ldenti-

, cdl (except for ●perture) to the dipoles of the accel-
●rater. The ●treight cections of both mechines ●re the
same length (60 B). The besic superperiodiclty of the
●tretcher le 1. One of the ●traight $ectlons of the
●tretcher hes ● high-beta section designed for the
elec:rootetic septum of the ●xtraction ●ystem; one hee
e layout appropriate for ● Lemberteon-type ●eptum for
the ●xtraction symtem; ●nd the remaining three ●traight
●ectiono ure identical ●nd detemine the tune and
matched bete functlone for the ●trencher. The
●low-extraction system ie of the i12-integer reeomance
type ●nd IB described in more detail in ● report by
E. colton.*

The eperture of the ●ccelerator 10 eafely lerger
then the minimum needed to transport the pheoe ●pace.
We chose the ●perture on the beeis of ● Laelett tune
●hift of 0.2S, with ● ratio of 2:1 between horizontal
●d wertical ph-e spece, ●nd then doubled the pheee
●pece in both plmee ●e ● sefety fector. In ●ddition
we incluead ●n allowence, *0.5 cm verticel ●nd *1.O cm
horizontal, for cloeed-orbat dimtortlon. In the
verticel dimension, ●n ●dditional 0.5 cm hee been
●llowed for ● vacuum chamber or rf shield. The result-
in~ good field region required is 5.7 cm vertical and
9.2 cm!torizontal. A crooo-oection drawing of ●n F di-
pole 10 ●?Iown in Fig. 3.

~net and rf Power Systems

A number of poaaibilitleo for e resonent power
supply for the ●ccelerator megneto ● re under considera-
tion. We require ● constsnt field for 1 m. for injec-
tion. One peacibility provides 30 lb with 4X of 150 II;
to Cive e flat bottom ●nd fht top to the magnet field.
A cecond pooaibility, ●uggmated by W. Preeg,s uses
●titching to provide ● conatent field lor injection, ●

20-Hr rise, slid ● @3-He fall. ThIe field program mini-
mizea rf requirement.

The rf syctem mu-t be tunable from ‘30.31 ?Mc ●t
injection time to 59.74 UHt at full ●nergy. The her-
monic number for the refe:ence dceign is 216 (the cir-
cumference is 101?2.7 m). ‘TIW rf requirement for ●ccel-
●rotion 1. ●hewn in FIR. 4. For ● 30+x plus fifth-
harmonlc megnet powar mpply, m pemk voltege of 14 W
per turn in required.

H Y’
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Pie. 2* ~ote ●nd diapermion functiono for one
●uperperiod of W? 11 ●cc~lorator.
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Fig 3. LAKPF 11 focusing F dipole.

14

r { 59.7SMHZ
30**4%150~z

IWO 2000 m4000 5000 m 7000
Turn Numb@r

Pig. 4. rf voltage requirements for LAMP?11 ●ccelere-
tor v- number of turns for two different megnot-field
programoo The rf frequency ie chown by tick merko on
the curveo.

Wa propose to provide 60 rf cavities. Thio nunber
uai chooen cm the baole of ocelint the Femileb booeter
rf my-tern, with the ●onumption of the came ●nerS7
otored in ●ach tuner ● m in the ?ermileb desisn. ‘Fhe
requirgd voltege pcr cavity is 240 kV. The lattice for
the ●ccelerator heo room for up to 90 cavitiel~ ●ech
2 m lens, so chet yp to one-third of the ●trei8ht-
oection lensth meY be umed for lnjoction~ ●xtraction,
●nd diagnoetice.

Itxparimxntal work on the ferrite tuning cyotem ie
In progreoo. We reported that s prototype covity with
● tuner had ●chieved 8X tunin~ ran~e with ● Q of 1500

‘ A new, larSor cevity with●t the Santa h Conference.
toroidal forrlto ham been ●eaembled. Firot roeultrn on
tho new cavity ● ra to h reported by R. Cerlini.6



\ Injection

We propone to we the ●xisting 797-HaV E’” beam
from IAMPF. To reach ● Iaelett tuna shift of 1/4, we
must incre~ee the transverse phane space fro9 0.S to
18a ~rad. The longitudinal phaaa space ●lso mot
be Sncrmaed by ● large factor. The method adoptmd 18
●ymetric in the three plenee, x_x”, y7”, ●nd X+. We
will ●rran~e for ●teering 8agn*tm to offeet the inject-
●d beam from the closed orbit. Sy slowly adjustiat the
●teering ugnete and the rf phsee of the ●ynchrotron,
it will be poesible to fill the three two-dimanaional
phaee ●llipeee unifomly, or tith.emt other proscrip-
tion if required. SoM care 9uet be taken to ●. . that
the horizontal batatron tumv, tho vertical batatron
tune, ●nd the ●ynchrocron tune ●re not crnnmuratm
duriug injectfon. A.leOo th filling of pk.e ●p8ce
will be quaei unifnrm bacauee only 112 turne ●rs
●vailable for injeetlon during the nominal 500-v8
output puloe of XABfiT.

The Iontitudinal injection requiree furthe: die-
cusaion. The LAMFF microstructure ie 201.25 HHZ,
whereae we propoee ●ynchronoue injection into ● pre-
●xisting ●table bucket in LAMPFII ●t 50.3125 MIx. To
●ccomplish thio, we propoee to chop the LAMPFbeam to
one-fourth of the nomal repetition rate ●nd to prc-
bunch ●t least 1.6 micropulsas of charge into 1 micro-
pulse in the Cockroft-tlalton injector. Thie procedure
will ●now ● 30-Hc repetition rate for LAKPF 11 at
100-IIA ●verage current. Sinca the norual lAIFF repe-
tition rate ie 120 Hr, three-fourth. of the W? beam
will be ●vailsble for other ueere when UHFF 11 comae
into operstion. TMe will ●now ue to kaep our ctit-
●ente to the Proton Stora$e Ring (PSR)/Weepone Neutron
Rusearch (UNR) facility, to ieotope production, and to
● portion of tho 800-HeV ●xperixantal program.

The ●table bucket of LAt4PFII ie ●pproximately
t0,12% dP/P by i6 nm (7.5 w V-e). The output of LA?WF
ie ●pproximt~ly 0.15% dP/p by 0.05 no. A bucket rote-
tor that reduces significantly tho momentum ●pread ie
required in order to ●now fine control of the longitu-
dinal phaee epace ●id to make the injection procese
inmneitive to the occasional large ●omentum fluctua-
tions of the WF baem.

Tracking ●tudiee have been performed with the vol-
tage program of Fit. 4. The traneveroe phaea ●paco ●t

-L& o 4clb4

X METERS

Fl~. 5. Tho trenrveroo phate ●pace ●t injection (eolid
curve) snd ●? ●xtraction (daehod curve) uoin~ ● 30-lla -
0.04 x lM)-Ht*8net wavefora and the rf prosrmm of
Fit. 4.

?+ll,——r
-10 0 +1(

rig. 6. The
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longitudinal phase mpaca at injectiou
(eolid curve), ●t transition (dashed curve), and at
●xtraction (dottad curvG) uaind a W-R* - 0.04 x 150+w-
magnet wavafom ●nd the rf prosran of Fig. 4.

injection ●nd at 32 *V ●re ●hewn in Pig. 5. Tba lon-
gitudinal phaem ●paca ie ●howt in Pig. 6. Time ●tud-
iae ware done In thn ●bemce of spact charae. A ●inu-
lation includin~ longitudinal space charga is reported
by J. Warrmn.’

Seam Dma mice

There cre ● n-bar of baam-dynaxicc probleme thmt
mmt be handlad in the LAW? II deeign. Tho traneveree
●pace charge (helett tune ●hift) dominatee coneidara-
tione of ●perture ●ixe. Syncnrotron-batatrnn couplinfI
aan BIVO trouble bacaueo of the hish eyncmrotroa frm-
quancy raquired ●arly in the cycle. An rf program that
minimises the difficultiae ●arly in the cych haa been
d~velopad. The baeic idaa la to ●tert at m low voltaca
●nd mahtain tha bucket ●rea c~netent. There ie ●om
●dvantaee to gradually increaeina the bucket ●wa when
nonlinearity ●nd epace charge are included, eo we have
choem to lncreace the bucket ●rea by O.lX per turn.
The ●ynchrotron phasa inc:aama ●s kccalaration ●tarta.
Aftet the phaoa r~schee 1 rad, the phaea ie kept con-
ctan~:, and ●ftar tha voltose reachee ● maxi-, the vo-
Itase 10 kept cotwtant. The rf voltate require8ante
@hOwnfn Fig. 4 ware calculated with thie prescription.

In Pig. 7 w ●hov tim Laelett tune ehift, tba
bunchiq fector, ●nd the ●ynchrotron frequency fcr tha
firet part of tha accalerttion cyclm. Taere of ths
●tability >? the longitudinal ●otion .wer@ mad.. It wati
dmmetrated chst no particles ●re loet with ● longitu-
dinal ptine ●pace twica ●e larto ●a the nominal inj@c-
tion Okare ●pace.

Work in ?romow

Trecltim~ bee been parfomad ueint th+ protram
DIMATwritten by R. lle~vranckx.’ Seth tho ●cceieretor
●nd etretcher latt&ces ●re ●teble for ● few hundrsd
turns with tho injection phaee ●paat. Nowevar, if ●

noticeably lerLar phaee ●pme ie ueed, or if we wncat-
mat: ● larce $ortiom of the lattice ●nd obtain ●

lumped ●ocond-order trmnefowtion, or if wc uea di-
polee containing crnbined-function ●extupolee, than ●n
lnm:tbility ●p~are. We Mli@ve that●ll th~ee treub-
Iee ●re not ● fmdaaent~l problem with tho Iattica but
rasult from truncation ●t ●econd oadar. Treckin~ with

.
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Conclusions

We heve ●hewn thet it 1S possible to deei~n ●

32-GwV 100-IIA proton symchrotron thet fite on the I&W
site ●nd mxkoe use of the ●xlcting H- beam. No pro+
leas heve been ●ncountered thet would leed us to be-
lieve thet significant losses of beam will occur. Our
present design tmm conservative ●perture. ●nd bucket
●ree throughout the cycle. lie heve demonstrated tbet
the ●ccelerator will trenmmit beam with two timeo Lerg-

f“t ns=’m’”’’’uws”’”-1 ●r phase ●pace then required in the x-x’, y-y’, or E-$
dimensions. Thic lead. to a mxchine with aperturee
comperoble to ●xietinu machlnea ●uch ●a the Brookheveo

0,6~=Q\ - ---0’’’’’’”~--------
0,4 -/”0 ApIp (%)

Q2 - W&w

0,0 - 1 I
o 500 1000 mm

Turn Numbs

Pig. 7. Synchrotrons pe:ammterc for the LAMPF11 ●ccel-
●rstor at 3CJ-RZ with 4X fifth-hermonic progrem. The
hel~tt tune shift 1s normalized to 1 ●t turn O. The
●ynchrotron frequency, bunchins fector, ●nd momentum
spraed (full width) ●re given in the units indicated.

the ●ymplactic formellsm of A. Dreut,a or with ● mlni-
mel set of third-order terms to meke the formxliom ●ym-
plectic to one higher order, ●liminetec theoe problems.
Publications on theoe ●ubjecta will be ●vaileble in the
near future.

A number of topics have not been cevered becauoa
work hao not progreeoed to the point where diecusslon
10 possibl~. Thesa Includo tranoveroe-epece cherge
●ffect- otudiod with the progrem WSAR,9 bandwidths for
nearby bctetron renonancee In the preoence of field
●rrors, nnd longitudinal coherent inctabillties. Wo:k
in theoo sreefi will be repo~tad ●a coon ea posoible.

?imlly, thero mey wdl be ●ubotent!el ●dvantegea
for the rf system if ● two-ote8e ●ccelerotor IS ●dopt-
●d. Thio ●pproech ●loo may have polltical ●dvantegeo,
We preoently favor ● boo~ter of the came circumference
●n the second-ateSo ●cc-leretor with ●lntle-tum ex-
traction end injection betw~en staceo. A comparative
otudy of the two ●pproaches is under wey.

Alt&neting Gradlent- Symchrotron (ACS) or the CltRN
Proton Synchrotrons (CPS). Undoubtedly, we will be ●ble
to tighten the declgn ●nd reduce coetc ●e we gein con-
fidence In our ●bility to calculete loemes.
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